Blind deconvolution is presented in the underwater acoustic channel context, by time-frequency processing. The acous tic propagation environment was modelled as a multipath propagation channel. For noiseless simulated data, source signature estimation was performed by a model-based me thod. The channel estimate was obtained via a time-fre quency formulation of the conventional matched-filter. Si mulations used a ray-tracing physical model, initiated with at-sea recorded environmental data, in order to produce rea listic underwater channel conditions. The quality of the estimates was 0.793 for the source signal, and close to I for the resolved amplitudes and time-delays of the impulse response. Time-frequency processing has proved to over come the typical ill-conditioning of single sensor determi nistic deconvolution techniques.
INTRODUCTION
Two fundamental problems arising in many signal proces sing applications are channel and source signature estima tion, often referre d as deconvolution. Areas such as data transmission, reverberation cancellation, seismic signal pro cessing, image restoration, etc., are some eXamples where deconvolution finds application. One of these areas is ocean acoustics, where a fundamental problem is the passive cha racterization of acoustic transients and the ocean envjron ment. This paper aims to give an approach to solve the problem of b�irid deconvolution in ocean acoustics, i.e., ob taining at once estimates of the emitted signal and the me dium impulse response (IR) representative of its physical properties. In view of the typical structure of underwater channel model-IRs, constituted by a set of close arrivals, time-frequency{TF) distributions (TFDs) have been chosen as a mean for separating the various replicas of the typically transient source signal. A shallow-water realistic scenario was chosen to support the presentation. WV",(t, J) = i:
where * designates complex conjugate. An also important TFD is the signal-dependent distribution radially Gaussian kemel distribution (RGK) [2] RGK",(t, J) = IFT2 [�RGK,,,, (V, 'T)AF", (v, 'T)], (2) where �RGK,,,, (t, J), the kernel of the distribution, is adap ted to the signal to be analyzed, AF '" (v, 'T ) stands for the ambiguity function of x(t), and IFT2[.] designates the bi -dimensional (2D) inverse Fourier transform operator. Sig nal reconstruction was performed via an inverse TF trans formation. The basis method [3] was employed, where a linear combination of the basis functions ek(t) was used to obtain the final source signal estimate such as Nb s(t) = E Clkek(t). (3) k =l
The functions ek(t) span the signal space to which the esti mate is confined. Channel estimation was performed taking into account the TF formulation of the matched-filter (MF). The fact that the WV obeys to Moyal's formtila [ 4] conduces to the following equation: This shows that temporal correlation can be performed in the TF domain.
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SIMULATION RESULTS
The simulated data set . corresponds to a canonical two -layered shallow-water waveguide whose environment is the real data acquisition scenario of the INTIMATE '96 sea trial [5] . The acoustic source is positioned at 9O-m depth, . and the receiver is located at 5.6-km range and 115-m depth, as illustrated in Fig. I . The I 35-m water column is superim-
5.6km
Range I Source Hz instantaneous frequency (IF) range. The IR is split into 2 packets of arrivals: one packet contains the first 8 arri vals, and the other contains the remaining 37 arrivals, which can be seen as unresolved and resolved arri vals, respectively. Unresolved arrivals are adjoint arrivals whose arrival times differ by less than the inverse of the bandwidth of s(t}. The received signal is modelled by
where x(t} and e(t) are the signal and noise tenns, respec tively. Next two sub-sections describe results for noiseless data, whereas Sec. 4 addresses deconvolution robustness to noise.
Source Signature Estimation
Considering the mUlti-component structure of the noiseless received signal, source signature estimation was perfonned by application of the basis method, whose output is given by (3), and whose model function was defined by the product for the particular cases Xl(t) = ret) and X2(t) = set), (4) is well approximated by the integration of WVr(t, f) along /i(t) [8] . Thus, the IF estimate obtained in Sec. 3.1 was used to do this "coherent integration" of Wv,.(t, f). The obtai ned channel estimate is shown in Fig. S . For the problem at )0. 2 .. that the relation between the two resolutions depends on the relative values of the IF range and the inverse of 7' [8] . In practice, the first 8 arrivals of h(t) are not resolved , and the quality of the channel estimate will refer only to the remai ning 37 arr ivals. One normalized measure of the quality can be given as
where the vectors must first be unitarily normalized . The quality of the channel estimate is given by Pa = 0.9664 and P -r = 0.9996. The present approach can be applied also to RGKr(t,f).
Alternative]y to the procedure of TF coherent integra tion, the channel estimate can be obtained by cross -correlation between s(t) and r(t), once s(t) be available.
This approach allowed to obtain an estimate very similar to the previous estimates [8] .
PERFORMANCE IN NOISE
In this section, the received signal in (5) hence not representing a significant change on the calculus of the optimal kernel, relatively to the noiseless case. The signal-to-noise ratio (SNR) is defined as:
. 10 log in noise was measured by the normalized performance mea sures (7) , for values of SNR ranging from -5 to 10 dB Fig. 8 . For values of SNR below -5 dB, it was not techni cally possible to clearly distinguish the 37 resolved peaks, with a .fixed threshold. This work has shown the feasibility of single sensor blind deconvolution by TF processing, for a realistic multiple time delay-attenuatio� channel, and a deterministic non-Sl!1tionary source signal. The simulated data set was based on actual environmental data recorded at sea during a shaliow wa ter experiment, leading to a particularly difficult test case, where there are a high number of closely spaced multipaths. The deconvolved source signal !lhowed a correlation with the emitted signal close to 0.8, while the channel parameter estimation was shown to be effective and robust for SNR as low as -5 dB. Application of the proposed methods on at-sea recorded data is being performed at this time.
